UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

June 11, 2019

Mr. Ernest J. Kapopoulos, Jr.

Site Vice President

H. B. Robinson Steam Electric Plant
Duke Energy Progress, LLC

3581 West Entrance Road, RNPAO1
Hartsville, SC 29550

SUBJECT: H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT NO. 2 — STAFF
EVALUATION RELATED TO THE 2017 ANNUAL REPORT OF CHANGES
AND ERROR CORRECTIONS AFFECTING THE LARGE-BREAK
LOSS-OF-COOLANT ACCIDENT ANALYSIS (EPID L-2018-LR0O-0028)

Dear Mr. Kapopoulos:

By letter dated May 24, 2018, Duke Energy (the licensee), submitted its 2017 annual report of
changes and error corrections affecting the evaluation models used to demonstrate acceptable
emergency core cooling system performance for its licensed facilities (Reference 1). Duke
Energy identified no new changes or errors affecting the calculated peak cladding temperature
for the large-break loss-of-coolant accident analysis for the H. B. Robinson Steam Electric Plant,
Unit 2.

This report was submitted pursuant to Title 10 of the Code of Federal Regulations (10 CFR),
Part 50, Section 46 (10 CFR 50.46), paragraph (a)(3).

The U.S. Nuclear Regulatory Commission (NRC) staff has evaluated the report and, while
performing other regulatory activities, were made aware of an error affecting the evaluation
model used to demonstrate acceptable emergency core cooling system performance for H. B.
Robinson for the large-break loss-of-coolant accident. The error, which was identified in 2017
by the vendor for the evaluation model (Framatome), involved the neglect of cladding
deformation in the calculation of the metal-water reaction (i.e., cladding oxidation) and appeared
to have the potential to affect the caiculated peak cladding temperature and other figures of
merit.

As a result, the NRC staff, on October 17, 2018, issued a request for additional information
(RAI) to facilitate completion of the review (Reference 2). In a letter dated December 10, 2018,
Duke Energy provided a response to the RAI (Reference 3).

Based on its evaluation, the NRC staff determined that the report, including the licensee’s
responses, satisfies the reporting requirements of 10 CFR 50.46(a)(3). A staff evaluation
describing the technical and regulatory basis for the NRC staff’'s conclusion is enclosed. This
letter concludes the NRC staff's review associated with EPID L-2018-LRO-0028.






UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

STAFF EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO THE 2017 ANNUAL REPORT OF CHANGES AND ERROR CORRECTIONS

AFFECTING THE LARGE-BREAK LOSS-OF-COOLANT-ACCIDENT ANALYSIS

PURSUANT TO 10 CFR 50.46 FOR

THE H. B. ROBINSON NUCLEAR POWER PLANT, UNIT 2

1.0 INTRODUCTION

Pursuant to Title 10 of the Code of Federal Regulations (10 CFR) Section 50.46(a)(3)(ii), on
May 24, 2018, Duke Energy submitted an annual report of changes and error corrections
affecting the evaluation models used to demonstrate acceptable emergency core cooling
system (ECCS) performance for its licensed facilities (Reference 1). Duke Energy stated,
therein, that no changes or errors affecting the calculated peak cladding temperature for the
large-break loss-of-coolant accident (LOCA) analysis for the H. B. Robinson Steam Electric
Plant, Unit 2, were identified during the 2017 reporting period.

However, in the course of performing other regulatory activities, the NRC staff learned of an
error affecting the evaluation model used by Duke Energy to demonstrate acceptable ECCS
performance for H. B. Robinson for the large-break LOCA event. According to Framatome, the
vendor for the evaluation model, the error involved the neglect of cladding deformation in the
calculation of the metal-water reaction (i.e., cladding oxidation). They further specified that the
error was identified by Framatome in 2017. The U.S. Nuclear Regulatory Commission (NRC or
the Commission) staff determined that the error could have the potential to affect the peak
cladding temperature and other figures of merit calculated for H. B. Robinson for the large-break
LOCA event.

Consequently, the NRC staff initiated a review of Duke Energy’s 2017 annual report of changes
and error corrections for H. B. Robinson, and, on October 17, 2018, issued a request for
additional information (RAI) to facilitate completion of the review (Reference 2). Duke Energy
provided responses to the RAls via a letter dated December 10, 2018 (Reference 3).

2.0 REGULATORY EVALUATION

2.1 Requlatory Requirements

Regulatory requirements applicable to ECCS performance in the event of a postulated LOCA
are provided, in part, by 10 CFR 50.46. Among these requirements, 10 CFR 50.46 specifies
certain standards for acceptable evaluation models, acceptance criteria for ECCS performance,
and reporting requirements associated with changes and error corrections to acceptable
evaluation models. ’
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e Framatome’s response to RAI 28 states, in part that:

Swelling and rupture models were not used in the Framatome
methodology because use of the swelling and rupture models based
on NUREG-0630 would yield slightly reduced PCTs [peak cladding
temperatures]....

e Framatome’s response to RAI 96 cites the sensitivity studies performed in Section B.2 of
Appendix B to EMF-2103, Revision 0, as the basis for characterizing the general
influence of fuel rod swelling and rupture as “relatively small and beneficial.”

e Framatome’s response to RAI 132 discusses an additional sensitivity study performed
using the S-RELAPS code that appears to show that neglect of swelling and rupture is
conservative even in a case where rupture of the fuel rod cladding occurs.

However, as noted above, the version of the S-RELAPS code used to perform all of the
sensitivity calculations contained in EMF-2013, Revision 0, and associated RAI responses was
affected by the error described above associated with the neglect of cladding deformation in the
calculation of cladding oxidation. Hence, the NRC staff had no basis for continued confidence
in the results of the sensitivity studies and derivative conclusions described by Framatome in
Section B.2 of Appendix B to EMF-2103, Revision 0, and associated RAI responses.
Furthermore, the NRC staff discovered recent estimates performed for other affected
pressurized-water reactors (e.g., Sequoyah Nuclear Plant, Units 1 and 2 (Reference 9), and
Shearon Harris Nuclear Power Plant, Unit 1 (Reference 1)) that are intended to correct for the
influence of the S-RELAPS modeling error. These recent estimates indicate that, contrary to the
information submitted by Framatome in support of the NRC staff's review of EMF-2103,
Revision 0, the neglect of swelling and rupture in the Realistic Large Break LOCA methodology
is actually (1) nonconservative and (2) potentially significant in magnitude (i.e., greater than

50 °F).

Based upon the review summarized above, the NRC staff determined that the S-RELAP5 code
error concerning the neglect of cladding swelling and rupture on the calculation of cladding
oxidation had apparently led to a further erroneous conclusion in EMF-2103, Revision 0, that the
neglect of cladding swelling and rupture is conservative relative to explicit modeling of these
phenomena. As a result of this, the NRC staff requested additional information from Duke
Energy to characterize the impact of correcting these modeling errors on the large-break LOCA
analysis for H. B. Robinson.

4.2 Request for Additional Information

On October 17, 2018, the NRC staff requested that Duke Energy provide additional information
concerning the impact of the errors associated with the neglect of cladding swelling and rupture
on the calculation of cladding oxidation in the H. B. Robinson large-break LOCA analysis
(Reference 2). More specifically, the NRC staff requested that the licensee provide the
following information:

(a) arevision to the 2017 annual report of changes and errors submitted pursuant to
10 CFR 50.46(a)(3)ii) that acknowledges and estimates the impact of the modeling
errors in the existing large-break LOCA evaluation model applied to H. B. Robinson that
are associated with (1) the incorrect computation of cladding oxidation and (2) the
nonconservative neglect of cladding swelling and rupture based upon the vendor’s
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9. Williams, A.L., Tennessee Valley Authority, letter to U.S. Nuclear Regulatory
Commission, “10 CFR 50.46 30-Day Report for Sequoyah Nuclear Plant, Units 1 and 2,”
January 18, 2018 (ADAMS Accession No. ML18018B158).

10. Billoch Colon, A.T., U.S. Nuclear Regulatory Commission, letter to C.L. Burton, Progress
Energy Carolinas, Inc., “Shearon Harris Nuclear Power Plant, Unit 1 — Issuance of
Amendment Re: The Revision to Technical Specification Core Operating Limits Report
References for Realistic Large Break Loss-of-Coolant Accident Analysis (TAC No.
ME6999),” May 30, 2012 (ADAMS Accession No. ML12076A103). -

Principle Contributor: John Lehning

Date: June 11, 2019








